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Abstract 
Professionals of education are constantly developing new instruments of evaluation. Even though the use of all sorts of 
evaluation tools increased during the last decades, it is often difficult for teachers to verify the qualities of their instruments. To 
provide a solution to this problem, we have developed a free, user-friendly Excel add-in (EIRT), based on Classical Test Theory 
and Item Response Theory. Item analyses are performed without the requirement of being a computer expert. The objective of 
this paper is to present this new item analysis program aimed to verify the psychometric properties of an evaluation tool. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Item response theory (IRT) is a valuable resource to analyze questionnaire responses. For instance, it can be used 
to estimate the abilities of a student or for evaluating test or item properties (Thissen & Steinberg, 1986). The 
purpose of this paper is to introduce a new program (EIRT: Item Response Theory applications using Excel add-in) 
created by a collaborative effort between Université du Luxembourg and Université Laval (Québec, Canada). We 
will start by reviewing some commonly used models and estimators followed by the presentation of EIRT, our new 
program which makes the use of IRT models as easy and affordable as possible. This program will be of great help 
for all “evaluators” in need of a statistical tool for determining and understanding the psychometric properties of 
their questionnaire or exam. 
2. A brief overview of IRT 
Item response theory (IRT), also known as latent trait theory, strong true score theory, or modern mental test 
theory, is a paradigm for the design, analysis, and scoring of tests, questionnaires, and similar instruments measuring 
abilities, attitudes, or other variables. It postulates that the probability of correct responses to a set of test questions is 
a function of true proficiency and of one or more parameters specific to each test question (Hambleton, 
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Swaminathan, & Rogers, 1991). These characteristics are generally referred to as item difficulty, item 
discrimination, and item pseudo-guessing parameters. IRT models that take each of these characteristics into 
account are referred to as one-parameter (1-PL), two-parameter (2-PL), and three-parameter (3-PL) logistic models, 
respectively (van der Linden & Hambleton, 1997). 
In the present paper, we are interested in the case where the items have a finite number of options (binary, 
multiple choice, or graded), and the latent variable (i.e., the ability) is unidimensional. 
3. Existing software 
Potential users of IRT analysis may find it hard to properly learn the use of the existing software due to their lack 
of an intuitive interface. In particular, the way the data has to be formatted and specified is tedious and prone to 
error. In many situations, it has been impossible to experiment with new models and new estimators. Finally, most 
of the available software are expensive and cannot be shared. 
With these shortcomings in mind, we planned to create a new program able to meet educators’ needs, while 
focusing particularly on the need for a user-friendly experience. We expect that users will have some background 
knowledge of IRT, but there should be no need to read a complicated manual or learn a special language to use the 
program. Another important aspect was to ensure that it would be easy to import common data file formats. The 
program works on systems other than Windows (Linux, R). Finally, it was of great importance to us to distribute this 
program free of charge with the possibility of letting anyone modify it. 
4. Methods 
To build our Excel add-in we created the LIBIRT library (http://libirt.sourceforge.net/). This library contains all 
the procedures needed for construction. The software is programmed in C language and is portable on any system. 
However, the library is not very useful hardly useful in itself. Only a command line program with basics 
functionalities is provided to test the library. The library also contains the RIRT package for R, an open source 
language and environment. The RIRT package provides access to all the functionalities of the LIBIRT library. 
Within the R environment, a variety of file formats can be imported or data can be simulated. 
On top of the RIRT package, we developed a simple Excel add-in application. The interface is designed to guide 
the user through simple steps before generating a report. The interface assistant should be familiar to most computer 
users and can be translated into other languages. The report generated by the program is formatted to print nicely. 
Finally, the program is distributed under an open source license (the GPL). 
4.1. The models supported by EIRT 
For binary data, we integrated well-known models, namely, the 1PLM, 2PLM, and 3PLM to estimate the 
appropriate parameters. Also included in the program is a generalization of the logistic model to accommodate 
multiple-choice items. One possible generalization is Bock's nominal model. This model is appropriate with nominal 
data, for instance, with a four-option multiple-choice item. 
Another useful generalization of the logistic model is Samejima's graded model (Samejima, 1997), which is also 
included in the program. This model is appropriate when the items are ordered, for example, in a questionnaire 
where one must choose one's level of agreement with each statement on a 5-point scale. A complete description of 
these models and their estimators can be found in Baker (2004). Moreover, EIRT also provides classical test theory 
statistics such as Cronbach’s alpha. 
4.2. Data file format 
The simplest way to format data for this application is the comma separated value (csv) format. It is easy to 
create as well as to read with Excel and most other statistical or database tools. 
554  Pierre Valois et al. / Procedia Social and Behavioral Sciences 15 (2011) 552–556
5. Application to an attitude questionnaire 
In a practical application designed to describe how to use EIRT, we chose to evaluate the responses to an 18-item 
questionnaire measuring the motivation of primary school children for adopting healthy eating habits. The study 
sample consisted of 505 primary school students who had to indicate on a 5-point scale their agreement with each of 
the items. Figure 1 shows an item example. 
5.1. How to use EIRT 
The next six figures show the step-by-step process of how to run EIRT. First, the user has to select the subjects 
and items to analyze (see Figure 2) while ensuring that the file is in CSV format and each subject is in a row and 
each item is in a column with no empty rows or columns between them. The second step consists of starting the 
assistant in the Excel menu (see Figure 3). The assistant button could be placed in the option “Complements” with 
last versions of Microsoft Office. If the selected data contains the subject labels in the first column, the item labels in 
the first row or the correction key in the next row, then check the appropriate box (third step: see Figure 4). The 
fourth step consists of choosing the type of data to be analyzed, i.e., binary, multiple choice, or graded (see Figure 
5), and the fifth step to indicate the IRT model used to test the items (see Figure 6). Depending on the type of data, 
some models are unavailable. The sixth and last step consists of choosing the elements to be included in the item 
and test analysis report (see Figure 7). 
I adopt healthy eating habits because I must not gain weight. 
1. Disagree 
2. Slightly agree 
3. Neither agree nor disagree 
4. Agree 
5. Strongly agree 
Figure 1. Example of a item measuring motivation for adopting a healthy eating habits. 
Figure 2. Step 1: Selection of the data to analyze. Figure 3. Step 2: Starting EIRT. 
5.2. Results 
Once the estimation process is finished, the report will be displayed as a simple HTML document and can be 
saved or copied into a document. The report contains a section for each element selected in the fourth step. For 
example, Figure 8 is a summary of all the item characteristic curves and provides a visual overview of the test. 
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Figure 4. Step 3: Precisions about the data set. Figure 5. Step 4: Type of data to be analyzed. 
Figure 6. Step 5: IRT model selection. Figure 7. Step 6: Choosing the elements of the report. 
Figure 8. Item characteristic curves of the questionnaire.
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6. Conclusion 
Currently, the program needs some enhancements and adjustments that will be done in near future. The main 
expected modifications are the possibility to use different IRT models to analyze a test with open and ended items, 
the integration of differential item functioning option that permits the verification of test bias, and a students’ 
feedback mini report regarding their abilities. 
The simplicity in using this Excel add-in and the item characteristic curves should help teachers to construct 
better tests and assess their students’ abilities. EIRT’s design permits the application of this program to a large 
number of situations and different types of evaluation. 
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